PCX 



WORLD INTELL£CTUAL PROPERTY ORGANIZATION 
lotematioaal Bureau 




INTERNATIONAL APPLICATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Internarional PateDt Classification ^ : 
HOIM 6/50, 12/06 



A2 



(11) Internatbnai Publlcatioii Number: WO 94/25991 

(43) InternatioQal PubUcation Date: 10 November 1994 (10.11.94) 



(21) Internatioiial AppGcation Number: PCTAJS94A)4804 

(22) IntematioQal Filing Date: 28 April 1994 (28.04.94) 



(30) Priority Data: 

08/056,440 



30 April 1993 (30.04.93) 



US 



(71) Applicant: AER ENERGY RESOURCES. INC. [US/US); 
Suite 250, 1500 Wilson Way, Smyrna, GA 30082 (US). 

(72) Inventors: SKEGGS, Leonard, T.; 10212 Blair Lane. Kiitland, 
/oh 44094 (US). YOUNG, Jcf&ey, E.; 600 Four Winds 

/Point, Pcachtiee City, GA 30269 (US). CHERRY, Ernest, 
/ C; 1718 Brook View, Doiavillc, GA 30340 (US). 

(74) Agents: YOUNG, Jeffrey, E. et al.; Jones & Askew, 37th floor, 
191 Pcachtree Street, NE., Atlanta, GA 30303-1769 (US). 



(81) Designated States: AT, AU, BB, EG, BR, BY, CA CH, CN, 
CZ, DE, DK, ES, FI. GB, HU. JP, KP, KR, KZ, LK, LU, 
LV. MG, MN, MW, NL, NO, NZ, PL, PT, RO, RU, SD, 
SE, SI, SK, UA UZ, VN, European patent (AT, BE, CH 
DE, DK, ES, FR. GB, GR, IE, IT, LU, MC, NL, PT, SE), 
OAPI patent (BF, BJ, CF, CG, CI. CM, GA GN, ML, MR, 
NE, SN, TD, TG). 



Published 

Without international search report and to be republished 
upon receipt of that report. 



(54) Title: CATHODE AIR RECIRCULATION AND MOISTURE CONTROL 




(57) Abstract 

An air manager system (10) for a meial-air ccU (20) having an air cathode (28) is provided to control air and moisture admitted to 
the cathode. The air manager system optimizes die use of ambient air and reactant air utilized by a metal-air cell by recircuUting (40) the 
fcactant air and admitting (46) only a sufficient amount of oxygen from die ambient air to generate die necessary output for die battery. 
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CATHODE AIR RECIRCULATION 
AND MOISTURE CONTROL 



Technical Field 

This invention relates generally to air manager 
20 systems and, more particularly, controls for admitting air and 
moisture to a cathode. 



Background of the Invention 

Metal-air batteries include an air permeable 
25 cathode and a metallic anode separated by an aqueous 
electrolyte. For example, during operation of a zinc-air 
battery, oxygen from the ambient air is converted at the 
cathode to hydroxide ions, zinc is oxidized at the anode, reacts 
with hydroxide ions, and water and electrons are released to 
30 provide electrical energy. Metal-air batteries have a relatively 
high energy density because the cathode of a metal-air battery 
utilizes oxygen from ambient air as a reactant in the electro 
chemical reaction rather than a heavier material such as a 
metal or metallic composition. 
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Metal-air battery cells are often arranged in 
multiple cell battery packs to provide a sufficient amount of 
power output. In addition, it is necessary to expose air 
cathodes of the cells to a continuous flow of air at a flow rate 
5 sufficient to achieve a desired output. Such an arrangement is 
shown in Cheiky 4,913,983 wherein a fan is used to supply a 
flow of air to a pack of metal-air battery cells. One problem 
with metal-air batteries is that the ambient humidity can cause 
a metal-air battery to fail. Equilibrium vapor pressure of the 

10 metal-air battery results in an equilibrium relative humidity 
that is typically about 45%. If ambient humidity is greater 
than the equilibrium relative humidity value for the metal-air 
battery, the metal-air battery will absorb water from the air 
through the cathode and fail due to a condition called flooding. 

15 Flooding may cause the battery to burst. If the ambient 
humidity is less than the equilibrium relative humidity value 
for the metal-air battery, the metal-air battery will release 
water vapor from the electrolyte through the air cathode and 
fail due to drying out. In most environments where a metal- 

20 air battery is used, failure occurs from drying out. 

In order for a metal-air battery to maintain 
sufficient power output, a high air flow is needed across the 
cathode to supply an adequate amount of oxygen. In a laminar 
air flow, the layer of air that is in immediate contact with the 

25 cathode is rapidly depleted of oxygen. Creating turbulence by 
increasing the rate of ambient air flow across the cathode is 
one method of replacing the depleted oxygen. However, 
increasing the air flow with ambient air exacerbates the 
problems of flooding or drying out depending on the relative 

30 humidity of the ambient air. 

Another problem which causes an insufficient 
supply of oxygen to the cathode may be attributed to the 
design of the cathode plenum. Generally, a cathode plenum 
has an inlet to receive ambient air and an outlet to exhaust the 

35 reactant air. U.S. Patent No. 4,894,295 to Cheiky discloses an 
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air chamber housing which has either a linear air duct or a U- 
shaped air duct to admit air to the cathode of a metal-air 
battery cell. The air may flow primarily down the center of 
the duct across the cathode from inlet to outlet causing a 
5 channeling effect- Because of this channeling effect, pockets 
of air remote from the air flow channel may be moving and 
being replaced with fresh air at a very slow rate, thus causing 
the output of the metal-air cell to decrease. Reducing the 
channeling effect would increase battery output. 

10 By controlling the flow of ambient air and 

reactant air, some of the problems which cause the flooding or 
drying out of a metal-air cell may be reduced. 

U.S. Patent No. 3,473,963 to Sanderson discloses 
a fuel cell system that provides some control for the ambient 

15 and reactant air. Sanderson recirculates reactant air, laden 
with moisture obtained from the cell during operation of the 
cell, to humidify the ambient air used by the cell. The 
recirculated humidified reactant air is also used to enhance 
carbon dioxide absorption in a carbon dioxide scrubber. 

20 While the Sanderson method of recirculating reactant air may 
help to prevent drying out of the fuel cell, Sanderson does not 
provide adequate control of the ambient air entering this 
system. When the ambient air has a high humidity, Sanderson 
does not provide adequate control to compensate for moisture 

25 in the ambient air. Therefore, the cell may be subject to 
flooding as a result of ambient air. Because the cooling air 
and reactant air supplies are coupled, neither may be 
independently limited to provide moisture control. The lack 
of full control of the ambient air entering the system of the 

30 Sanderson system does not alleviate the problems discussed 
above. 

French Patent No. 2,353,142 to Jacquelin 
discloses an air supply system for an electrochemical generator 
that provides a recirculating path for the air used by the cell. 
35 The air manager is designed to avoid local accumulations of 
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carbonate deposits and to vary the output of the cells by 
varying the amount of the incoming air (oxygen). Jacquelin 
discloses three modes of operation: maximum mode, slow 
motion mode, and a predetermined functioning mode. During 

5 the maximum mode of operation air is admitted from the 
atmosphere across the cathode then exhausted through an 
outlet. During the maximum mode of operation, the air is not 
recirculated. A turbo exhauster is provided to ensure 
circulation of the air when air is being exhausted to the 

10 atmosphere. Operation during the maximum mode with no 
control to compensate for the relative humidity of the air is 
subject to the problems discussed above with flooding and 
drying out. During slow motion mode, no ambient air is 
admitted nor is any air exhausted, thus the oxygen supply is 

15 rapidly depleted from the air. This results in a low or slow 
mode of operation. During the predetermined functioning 
mode, fresh air is mixed with the air in proportions set by a 
mixing valve. In the predetermined functioning mode, the 
ambient air admitted may subject the cell to the problems of 

20 flooding and drying out as in the maximum operation mode. 
The Jacquelin invention proposes to maintain a constant flow 
of gas on the electrodes to assure a good distribution of 
residual carbon dioxide on the entire surface of the electrodes. 
No method is provided to supply and vary air flow to meet 

25 varying load demands while reducing the effects of flooding 
or drying out. Furthermore, the air is supplied to an enclosed 
space containing a series of cells as well as pipes carrying the 
anode solution. Since all components of the cell are exposed to 
the air flow, one would expect cooling requirements to 

30 interfere with control of the air for the purpose of supplying 
oxygen, because often more air is required for cooling than is 
needed for the electro-chemical reaction. 

To gain more control over reactant air, one prior 
design separates the reactant air flow from a cooling air flow. 

35 In this design the reactant air flow rate is reduced relative to 
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the cooling flow to reduce flooding or drying out effects. It 
has also been suggested prior to the present invention to 
control the humidity of air flowing into an air battery. 

U.S. Patent No. 4,729,930 to Beal et al. discloses 

5 an apparatus for regulating and augmenting air supply for a 
fuel cell power plant during transient load increases. Beal 
provides a load monitor that has its output connected to the 
input of a microprocessor, the output of which adjusts a 
motor-controlled valve in the air supply line. In order to 

10 prevent oxygen starvation of the fuel cell when the imposed 
load increases Beal calculates the time needed for the control 
valve to reach a setting which allows an oxygen flow to meet 
increased load demand. According to Beal, when the oxygen 
supply cannot be increased through the control valve rapidly 

15 enough to immediately meet load demand, Beal provides 
auxiliary solenoid valves which open at the instant of increased 
load demand so as to provide oxygen to the fuel cell more 
quickly. The auxiliary valves will close when the difference in 
theoretical current produced by the available oxygen and the 

20 actual load demand drops below one or more preselected 
values. While Beal discloses a method to increase oxygen 
supply when load demand increases, Beal does not disclose a 
method to decrease the oxygen supply to the fuel cell when 
load demand decreases so as to provide moisture control by 

25 limiting an excess amount of dry air or high humidity air to 
prevent drying out or flooding. Neither does Beal disclose 
recirculating the reactant air utilized by the cathode to provide 
moisture control. 

U.S. Patent No. 4,913,983 to Cheiky, noted 

30 above, discloses a metal-air battery power supply to which the 
air flow is varied by a variable speed fan. The metal-air 
battery cells are enclosed in an air tight chamber which has a 
baffle that is movable in front of the air inlet and air outlet to 
seal off the container when the power supply is not in use. 

35 When the power is turned on, the air baffle is moved to permit 
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an air flow into the air inlet that is exhausted through an air 
outlet. A fan which controls the air flow through the air inlets 
is run at different speeds depending upon use requirements of 
the connected computer. Cheiky '983 does not disclose 
5 limiting the air available through the air inlet to the air 
cathode for varying levels of output, and does not recirculate 
any air passing through the power supply. 

Summary of the Invention 

10 Generally described, the present invention 

provides an air manager system for a metal-air cell having an 
air cathode. The air manager system of the present invention 
directs a flow of air adjacent to the air cathode to provide 
reactant air, recirculates the flow of reactant air, and admits 

15 ambient air into the flow of the recirculating reactant air in an 
amount sufficient only to approximately replace oxygen 
removed by the cell from the recirculating reactant air. 

In a preferred embodiment, the present invention 
also meters the amount of ambient air entering in the flow of 

20 reactant air to maintain a selected current output. The air 
manager system optimizes the use of ambient air and reactant 
air utilized by a metal-air cell by recirculating the reactant air 
and admitting only a sufficient amount of oxygen from the 
ambient air to generate the necessary output for the battery, 

25 thus reducing the problems of flooding and drying out. 

The present invention also provides a monitor to 
determine whether an optimum air supply is available to the 
metal-air cell. A signal generating circuit is responsive to the 
current drawn, as measured by a current monitoring circuit, 

30 to provide a first signal indicative of an insufficient supply of 
oxygen to the cell and to provide a second signal indicative of 
a need for restriction of the air supply to the metal-air cell so 
as to protect the cell from an excessive supply of air. The air 
supply adjustment helps to provide further humidity control. 

35 An indicator may be provided to indicate an insufficient 
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supply or need for restriction of air to the cell in response to 
the first or second signal, respectively. The indicator may be 
a visual display, an audible tone, or a voice message. 

The air inlet of the air manager system is set 

5 initially to a predetermined position based upon the status of 
the load to control the amount of oxygen supplied to the cell. 
The amount of oxygen admitted may be^increased in response 
to the first signal by stepping open the air inlet based upon the 
load demand. The amount of oxygen admitted may be 

10 increased or decreased by setting the air inlet to a different 
predetermined position whenever the type of load applied is 
changed. Also, the amount of oxygen may be decreased after 
the air inlet valve opens wider than a predetermined setting 
for a predetermined time. In another embodiment of the 

15 oxygen monitor, an oxygen control circuit responds to the 
current drawn by the load by opening the air inlet for a 
predetermined time to provide air to the metal-air cell when 
the current is insufficient to meet load demand. 

A humidifier may also be incorporated into the 

20 recirculating pathway to humidify the recirculated reactant 
air. The humidifier is operative in response to a humidity 
monitor which monitors the humidity of the recirculating air. 
Alternately, the humidity monitor may be used to selectively 
direct the air flow through a bypass channel in order to 

25 prevent the air from going through the humidifying pathway. 

An oxygen generator may also be provided to 
deliver oxygen to the pathway as needed by the cathode instead 
of oxygen from the ambient air. An outlet for exhausting a 
controlled amount of air corresponding to an amount of new 

30 air admitted is also provided. 

In order to ensure that the air flow reacts with the 
entire surface area of the cathode, the direction of the air flow 
may be changed by a plurality of baffles incorporated into the 
pathway of the reactant air. The baffles used for changing the 

35 direction of the flow of the reactant air may define a 
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serpentine path across the surface of the cathode covering 
essentially all points of the surface. The invention preferably 
provides a cathode plenum having an inlet and outlet and a 
plurality of baffles defining a nonlinear path for the air to 
5 flow from the inlet to the outlet. 

Thus, it is an object of this invention to provide 
an air manager system for a metal-air cell which provides an 
effective use of reactant and ambient air. 

It is a further object of this invention to admit 
10 ambient air in a manner to approximately replace oxygen 
removed by the cell. 

It is a further object of this invention to 
recirculate reactant air across the cathode in a manner which 
maintains a selected current output density. 
15 It is a further object of this invention to provide a 

high air flow across the cathode while reducing the effects of 
flooding and drying out of the cell due to the humidity level of 
ambient air. 

It is a further object of this invention to 
20 selectively direct recirculating air through either a humidifier 
or bypass channel in order to maintain a selected relative 
humidity within the air manager. 

It is also a further object of this invention to 
provide an oxygen supply control circuit which increases or 
25 decreases the oxygen available to the metal-air cell based on 
load demand so as to provide moisture control. 

It is also a further object of this invention to 
maintain the oxygen supply to a metal-air cell at an bptimum 
setting based on the particular load status applied to the cell. 
30 It is a further object of this invention to reduce 

the channeling effect that is caused by direct air flow from 
cathode plenum inlet to outlet. 

Other objects, features and advantages of the 
present invention will become apparent upon reviewing the 
35 following description of preferred embodiments of the 
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the appended claims. 

Brief Description of the Drawings 

5 Fig. 1 shows a diagrammatic view of an air 

manager system of the present invention, associated with a 
metal-air cell, shown in cross-section. 

Fig. 2 is a diagrammatic view of an alternate 
embodiment of the present invention which incorporates a 
10 humidifier into the air manager system. 

Fig. 3 shows a top view of the cathode plenum of 
the present invention shown in Figs. 1 and 2. 

Fig. 4 shows a flow diagram which illustrates an 
embodiment of automatically controlled air valves. 
15 Fig. 5 shows a flow diagram which illustrates 

another embodiment of automatically controlled air valves. 



Detailed Description of the Invention 

20 Referring in more detail to the drawing, in which 

like numerals refer to like parts throughout the several views, 
Figs. 1 and 2 show an air manager system 10, embodying the 
present invention, for a secondary metal-air cell 20 
incorporating a bi-functional air electrode. Disposed within a 

25 cell case 22 are: a cathode 28 supported by a rectangular 
support 32, an anode 36, and an electrolyte 34. A cathode 
plenum 38 in which reactant air circulates may be provided 
over the cathode 28. Within the cell case 22 of metal-air cell 
20, the rectangular support 32 fits about the periphery of the 

30 anode 36 and the cathode 28. Suitable air cathodes are 
disclosed in U.S. Patents 4,354,958; 4,518,705; 4,615,954; 
4,927,514; 4,444,852. Air passes to the cathode 28 through a 
gas permeable membrane 37. A suitable anode 36 is a 
wrapped zinc anode such as that disclosed in U.S. Patent 

35 4,957,826 the disclosure of which is expressly incorporated 
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herein by reference. The anode 36 is wrapped in a sheet 38 of 
absorbent, wettable, oxidation-resistant woven or nonwoven 
cloth, such as cotton, rayon, modified CMC or wettable plastic 
fibers. This sheet 38 is soaked in a suitable electrolyte 34 such 

5 as an aqueous base including a group I metal hydroxide such as 
KOH, LiOH, NaOH, CsOH, or the like, as disclosed in U.S. 
Patent 4,957,826. 

As shown in Figs. 1 and 2, the air manager system 
10 made according to the preferred embodiment of the present 

10 invention comprises a recirculating pathway 40 for the 
reactant air of the metal-air cell 20. The cathode plenum 38 is 
included in the recirculating pathway 40 so as to define a 
closed path for the recirculated air. The recirculating air flow 
to the cathode is separate from a coolant air flow that is 

15 adjacent to the anode. The recirculating pathway 40 may 
incorporate an oxygen generator 42 or other source of 
relatively pure oxygen adjacent to the metal-air cell 20 to 
provide an alternate source of oxygen. A fan 44 is positioned 
into the recirculating pathway 40 to facilitate the recirculation 

20 of the reactant air and to increase the turbulence of the 
reactant air. Preferably, the flow rate of air through the 
pathway is greater than 0.5 liters per minute. The 
recirculating pathway 40 has an air inlet 46 and an air outlet 
48 through which air flow is controlled by air inlet valve 47 

25 and air outlet valve 49, respectively. The air inlet 46 and air 
inlet valve 47 admit ambient air into the flow of recirculating 
reactant air in an amount sufficient only to approximately 
replace the oxygen removed by the cell from the recirculating 
reactant air. A proportionate amount of reactant air may be 

30 exhausted through air outlet 48 when the air valve 47 is 
opened. Ambient air is admitted into the flow of reactant air 
so as to maintain a selected current output. The valves 47 and 
48 may be closed after a sufficient amount of air has been 
admitted. 
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The flooding and drying out problems, discussed 
above, may be controlled by recirculating and mixing the 
ambient and the reactam air through the recirculating pathway 
40. The air outlet valve 48 is closed initially and thus the 

5 initial supply of oxygen to the cell is obtained from the 
ambient air. After a sufficient amount of ambient air is 
admitted to allow battery operation, the air inlet valve 46 is 
closed and the air is circulated through the recirculating 
pathway 40. The fan 44 increases the rate of flow of 

10 circulating air at a rate corresponding to load demand. 

An output sensor circuit 43, which comprises a 
conventional current sensor and a microprocessor (not 
shown), monitors the current to determine when an 
insufficient current is being drawn from the metal-air cell 20 

15 to meet a predetermined load demand. The current sensor's 
output is analyzed by the microprocessor. Also, the 
microprocessor resets the air valves periodically to assure that 
an excessive amount of air is not being supplied to the metal- 
air cell in response to the output sensor circuit 43. The sensor 

20 circuit 43 is connected along the load circuit 45 to monitor the 
current drawn by the load 41. The load circuit 45 is 
connected at one end to a cathode terminal 80 and at another 
end to the anode terminal 82. 

The sensor circuit 43 provides an output signal 

25 indicating when the level of current being drawn from the 
metal-air cell 20 indicates that an adjustment of air is 
appropriate. For loads that have varying modes of operation, 
the amount of current necessary for a particular mode of 
operation will vary. The output sensor circuit 43, in 

30 particular the microprocessor, may monitor the load status to 
determine the mode of operation and upon determining the 
mode of operation, may compare the minimum amount of 
current required for that particular status with the actual 
current being drawn. For example, if the load is a computer, 

35 the status or condition of the various integrated circuits 
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connected to the microprocessor may be determined by 
reading the status registers of the integrated circuit device. 
Depending on the status or mode of operation of the device, 
the air available to produce the required current may be 
5 adjusted. If the current being drawn for the particular status 
is below the minimum current required for that status then 
insufficient current draw is indicated. Similarly, if the current 
being drawn for the particular status is sufficient but more air 
than needed is being provided to the metal-air cell 20 then a 

10 signal indicating a need for restriction of air flow is provided. 
The signals generated that indicate insufficient current or a 
need for restriction of air flow may be input to a responsive 
circuit, such as air valve controllers or a display. 

The current sensor utilized by the present 

15 invention preferably senses the magnetic field around the 
conductor connected to the load to determine the amount of 
current flowing through the conductor. Those skilled in the 
art will appreciate that it is possible to measure the current 
drawn by other means. Various types of current sensors, such 

20 as transformer type sensors or Hall-effect devices, may be 
used to measure the magnetic field surrounding a conductor. 
In a transformer type sensor, the conductor acts as the 
primary electromagnetic element of a transformer, and turns a 
wire around the core act as a secondary electromagnetic 

25 element. A current proportional to the current in the primary 
conductor is induced into the secondary element. In the 
Hall-effect device, a semiconductor sensor is inserted into a 
narrow slit in a core. This semiconductor sensor detects the 
existence and strength of the magnetic field induced by the 

30 conductor, from which the proportional output voltage may be 
generated. The output voltage signal which is proportionate to 
the current flowing in the conductor may be measured, stored, 
and analyzed in the microprocessor. 

If manual valves 47 and 49 are being utilized, the 

35 responsive circuit may comprise a visual display that indicates 
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an insufficient amount of oxygen or a need for restriction of 
air supply by lighting appropriate LED*s or by inputting the 
signal to a liquid crystal display (LCD). Also, the signal 
indicating an insufficient amount of oxygen or a need for 
5 restriction of air flow may be input into a conventional tone 
generator or may be input into a conventional sound or voice 
recording/playing chip to generate a predetermined message in 
response to the supply of air. 

Referring to Fig. 4 and Fig. 5, flow diagrams are 

10 shown to illustrate embodiments of the present invention 
utilizing air valves that are automatically controlled by the 
sensor circuit 43. Various modes of operation may be utilized 
by a given load. For each of these modes (load status), a 
minimum or optimum current draw may be determined and 

15 for each load status an optimum air valve setting, designed to 
produce the appropriate current output, may be determined. 
For each load status, a minimum or optimum current draw for 
that load status may be stored in a memory table located within 
the memory associated with the load or a memory device 

20 associated with the sensor circuit 43. These predetermined 
optimum values may be utilized by the present invention to 
adjust the amount of air available to the cell so that an 
appropriate current can be generated to meet load demand. 
The optimum valve settings may also be stored for each load 

25 status. 

Referring in more detail to Figure 4, an 
embodiment of the present invention is shown that maintains a 
steady state oxygen flow to the metal-air cell such that the air 
valves are automatically adjusted when load demand changes. 

30 At step 401, the sensor circuit 43 reads the present load status. 
Initially the load status is set to equal the load status requiring 
the least current before the first iteration of the flow diagram 
loop. The load status is then evaluated, at step 402, to 
determine whether there has been a change in load status since 

35 the previous load status determination. If the load status has 
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changed, a signal is provided to adjust the air valves at step 
403 to equal the optimum setting for that load status in order 
that the appropriate amount of air is available to the metal-air 
cell 20 to produce the appropriate current. This adjustment 
5 may either increase or decrease the oxygen supply, depending 
on the new load status. At 404, a timer, as discussed below, is 
initialized for each status change. At step 405, the actual 
current being drawn by the load, as measured by sensor 43, is 
evaluated, then at step 406, the measured current is compared 

10 to the minimum current required for the particular load status. 
If the actual current being drawn is less than the minimum 
required for that load status, then a signal is provided to step 
open the air valves by a predetermined increment at step 407. 
Steps 401, 402, 405 and 406 are then repeated in order to 

15 determine if the air valves have been opened to a sufficient 
position so that current demand is met. At step 406, if the 
current draw is less than the minimum required for the load 
status then the air valves are stepped opened by a further 
predetermined increment at step 407, However, if the current 

20 draw is not less than (equals or exceeds) the minimum 
required for the particular load status as determined at step 
406 then at step 408 the air valves are evaluated to determine 
if the valves are at the stored optimum setting. If the valve 
positions are at the optimum settings for the particular load 

25 status then the monitoring steps discussed above are repeated. 
However, at step 408, it is possible that the air valves have 
been stepped open wider than the optimum setting for the 
particular load status in order, for example, to compensate for 
air which has a lower oxygen content than optimum 

30 conditions. Such situation might occur if smoke was in the 
area for period of time. 

To deal with a situation in which the current 
drawn by the load is sufficient but the valves are opened 
beyond the optimum position for the load status, such as when 

35 the oxygen supply in the air is low, a timing loop is provided 
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to return the valve setting to its optimum position at the 
expiration of a preset time. If the air valves were allowed to 
remain open beyond the optimum setting for the particular 
load status, more air than needed would be provided to the 

5 metal-air cell 20 when the oxygen content of the air returned 
to its usual make-up. At step 409, if the timer is at its initial 
setting, indicating that the timer has not been started for the 
particular load status, then the timer is started at step 410. At 
step 411 if the timer has not reached its limit then the 

10 evaluation process begins again at step 401. However, if the 
timer has reached its limit at step 411 then at step 412 the 
timer is reset to its initial setting. A signal is then provided to 
decrease the air valve settings to the optimum positions at step 
413 after the expiration of the time limit. By providing a 

15 method to decrease or restrict the air provided to the metal-air 
cell and depending on whether the air has a high humidity or 
low humidity, the problems discussed above concerning 
flooding and drying out of the cell are ameliorated. 

Referring in detail to Fig. 5, another embodiment 

20 of the present invention which also utilizes automatically 
controlled air valves is shown. The embodiment shown in Fig, 
5 is not as complex as the embodiment depicted in Fig. 4. At 
step 501, the load status is determined, then at step 502 the 
actual current draw of the load is determined. At step 503, if 

25 the current draw is less than the minimum required for the 
load status then the microprocessor generates a signal to open 
the air valves at step 504 for a predetermined time, after 
which time the air valves close. By closing the valves after 
sufficient air has been admitted, flooding and drying out is 

30 controlled. The air is utilized by the metal-air cell 20 to 
produce current sufficient to meet load demand. The program 
returns to step 501 to check load status and again checks 
current draw at step 502. When the oxygen within this closed 
system is depleted to an extent that the actual current being 

35 drawn is less than the minimum required for the load status 



wo 94/25991 



PCTAJS94/04804 



then the valves are opened again at step 504 for the 
predetermined time limit. The predetermined time limit for 
opening the valves may be the same for each load status or 
may vary according to the load status. With this system, the 
5 load will be put under momentary strain after a period of time 
even if the load status stays the same because the oxygen within 
the closed system will be depleted, thus causing the actual 
current being drawn to fall below the minimum required until 
the air valves are opened again. The time period for which 

10 the current falls below optimum will be brief as the air valves 
are immediately opened. 

The microprocessor associated with the load 
evaluates the output sensor, the load status memory locations, 
and the air valves to generate or receive the appropriate output 

15 or input signals as described above. Appropriate software 
may be written to implement the logic shown in Fig. 4 and 
Fig. 5. The timing loops provided for in the logic may be 
implemented with software, by using an internal timer on the 
microprocessor, or by using common timing devices that are 

20 utilized by those skilled in the art. 

When insufficient current draw is indicated, air 
inlet valve 47 may be manually opened or may be 
automatically opened by a solenoid valve controller (not 
shown) in the sensor circuit 43 via control line 50 in a 

25 conventional manner. Likewise, when indicated, the air outlet 
valve 47 may be manually opened, or automatically opened via 
control line 51 to exhaust air as discussed above. After a 
sufficient amount of air has been admitted, various modes of 
operation may be utilized. The modes of operation can vary 

30 from low current output to high current output depending 
both upon the amount of oxygen admitted to the air manager 
10 and the rate at which the fan 44 is operated. If the admitted 
air has a high oxygen content (by use of an oxygen generator, 
or filtering other components from the air, for example) and 

35 the fan 44 is operated at high speed, such as 500 cubic inches 



wo 94/25991 PCT/US94/04804 



per minute, then a maximum mode of operation may be 
utilized. Similarly, intermediate and low modes of operation 
may be utilized if the oxygen content of the air is lower or the 
fan speed is lowered. 

5 Those skilled in the art will understand that the 

time delays in Figs. 5 and 6, and the incremental increase in 
the valve openings called for in Fig. 5 can be determined and 
optimized based on the nature of the load. 

Alternately, the valves 46 and 47 may be set to 

10 provide a selected constant rate of make-up ambient air, which 
would provide a generally steady state of output from the cell 
while minimizing humidity imbalance. 

Instead of admitting ambient air when oxygen is 
depleted, the oxygen generator 42 may also supply oxygen 

15 sufficient to meet load demand. When the ambient air has a 
high relative humidity, a supply of oxygen from the generator 
42 serves an important function in helping to prevent battery 
flooding. By using oxygen from the generator 42 when 
oxygen is depleted from the reactant air, the relative humidity 

20 within the air manager system 10 may be more readily 
equalized to the vapor pressure of the water in the electrolyte 
34 within the metal-air cell 20. Various modes of operation 
may be utilized when using oxygen from the generator 42 in a 
similar manner as discussed above. 

25 Those skilled in the art will understand that 

controlling the speed of air flow across the cathode 28 affects 
current output for the load connected to a metal-air cell 20 as 
taught by U.S. Patent 4,913,983. Adjusting the rate of the air 
flow across the cathode 28 can be used along with ambient air 

30 control as described above. 

Fig. 2 shows an alternative embodiment of the 
present invention, which provides greater humidity control. A 
humidifier 52 is incorporated into the recirculating pathway 
40 to. humidify the recirculated reactant air when the vapor 

35 pressure in the air is low. The humidifier 52 is operative in 
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response to a humidity monitor 53 which monitors the 
humidity of the reactant air. A bypass channel 54 extends 
around the humidifier 52 to provide an alternate route for 
sufficiently humidified recirculating air. A solenoid valve 56, 
5 operative in response to the humidity monitor 53, may be used 
to control the proportions of recirculating air flow through 
the humidifier 52 and/or bypass channel 54. The humidifier 
may consist of any common type of humidifier, such as a 
moisturizing pad, or may be variable as to the rate at which 

10 humidity is added to the air. 

As discussed above, the relative humidity of the 
ambient air can affect cell performance and useful life. The 
humidifier 52 provides greater control over the humidity of 
the recirculating reactant air. The solenoid valve 56 may be 

15 used to selectively direct proportions of air flow, depending 
on the humidity of the air, through either channel to prevent 
drying out or flooding of the metal-air cell 20. By monitoring 
the relative humidity of the air being utilized by the metal-air 
cell 20, the humidity monitor 53 may optimally control the 

20 output, if variable, of the humidifier 52 by a control line 57. 
Similarly, the humidity monitor 53 may optimally control the 
proportions of air directed through the humidifier 52 or the 
bypass channel 54 by a control line 59. 

A microprocessor (not shown) associated with the 

25 humidity monitor 53 may be conventionally programmed to 
compare a stored value representing optimum humidity in the 
recirculating air with the actual measured humidity so that the 
microprocessor may utilize a solenoid valve 56 via control line 
59 to proportionately direct the air flow through the 

30 appropriate channels. If, for example, the relative humidity of 
the mixed circulating air is less than the vapor pressure in the 
metal-air cell 20 the air flow is directed through the 
humidifier 52 until the appropriate equilibrium condition for 
the metal-air cell 20 is reached. After the equilibrium 

35 condition is reached, the recirculating air is directed through 
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the bypass channel 54. If the relative humidity of the admitted 
ambient air is slightly greater than the optimum humidity for 
the metal-air cell 20, the air flow is directed through the 
bypass channel 54. If the relative humidity of the ambient air 

5 is great enough to cause flooding of the metal-air cell 20, then 
portions of the ambient air may be mixed with the oxygen 
from oxygen generator 42 until an equilibrium condition is 
established and the mixture may be directed through the 
bypass channel 54. Simultaneously directing portions of the 

10 air flow through both the humidifier 52 and bypass channel 54 
may be utilized to accomplish equilibrium. The recirculating 
pathway 40, the humidifier 52, the bypass channel 54, and the 
humidity monitor 53 act in conjunction to provide optimum 
operating conditions for the air utilized by the metal-air cell 

15 20. The embodiment of Fig. 2 otherwise incorporates the 
functional aspects of the invention referenced in Fig. 1 
described earlier. 

Thus, it will be seen that the problems concerning 
flooding or drying out of a metal-air cell due to exposure to 

20 new ambient air are controlled in the present invention as the 
reactant air is recirculated and the humidity of the air is 
controlled. 

As discussed above, prior methods of providing 
air across the cathode of a metal-air cell may fail to utilize 

25 effectively the entire surface of the cathode. Cathode plenums 
generally provide plenum inlets and outlets for air to pass 
aaoss the cathode. Using only an inlet and outlet to control 
air flow across the cathode may introduce the problem of 
channeling where the air flows directly from plenum inlet to 

30 outlet without utilizing the entire surface area of the cathode, 
and, as the oxygen is depleted, pockets of oxygen deficient air 
are created across the cathode. Referring to Fig. 3, the 
cathode plenum 38 is shown with a plenum air inlet 62 and a 
plenum air outlet 64. A nonlinear pathway 66 from the 

35 plenum air inlet 62 to the plenum air outlet 64, represented by 
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arrows in Fig. 3, helps to provide a more efficient air flow 
across the entire surface of the cathode 28 thus more 
efficiently produces current output from the metal-air cell 20 
therefore less new ambient air needed. By utilizing a 

5 nonlinear pathway across the cathode, turbulence is created 
which helps to eliminate the problems associated with air 
channeling. Baffles 68 may define the nonlinear pathway 66 
from the plenum air inlet 62 to the plenum air outlet 64. The 
problem of channeling is overcome by incorporating a 

10 nonlinear pathway 66 from the plenum air inlet 62 to the 
plenum air outlet 64, The nonlinear pathway 66 preferably 
forms a serpentine path. Preferably, the cross sectional width 
of the inlet 62 parallel to the surface of the cathode 28 is 
smaller than the cathode surface breadth which is transverse to 

15 the air-flow pathway 66 at the inlet. 

The cathode plenum 38 may be incorporated into 
a metal-air cell 20 as shown in the air manager systems of 
Figs. 2 and 3. By utilizing the cathode plenum 38 and the 
recirculating pathway 40 shown in Figs. 2 and 3, the output 

20 efficiency from a given supply of air may be optimized in the 
present invention without increasing the risk of flooding or 
drying out. 

From the foregoing, it can be seen that the present 
invention provides an air manager system which optimally 
25 uses a given amount of reactant and ambient air to produce a 
desired current output while reducing the effects of drying out 
or flooding. 

The foregoing relates only to the preferred 
embodiment of the present invention, and many changes may 
30 be made therein without departing from the scope of the 
invention as defined by the following claims. 
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Claims 

What is claimed is: 

1. An air manager system for a metal-air cell 
5 having an air cathode and anode, said system comprising a 

coolant air channel adjacent to the surface of said anode to 

provide coolant air to said anode and a reactant air channel, 

separate from said coolant air channel, adjacent to said cathode 

to provide reactant air, comprising: 
10 means for directing a flow of air adjacent 

to the air cathode to provide reactant air; 

means for removing the reactant air from 

adjacent to the air cathode and for recirculating the flow of the 

reactant air back to the cathode; and 
15 means for admitting ambient air into the 

flow of said recirculating reactant air in an amount sufficient 

only to approximately replace oxygen removed from said 

recirculating reactant air by said cell. 

20 2. The apparatus of Claim 1 further 

comprising means for controlling said amount of ambient air 
entering the flow of reactant air to maintain a selected output 
current density. 

25 3. The apparatus of Claim 1 wherein said 

means for recirculating the flow of air adjacent to said cathode 
defines a pathway from an exit location of said cathode to an 
entry location of said cathode. 

30 4. The apparatus of Claim 3 further 

comprising a fan positioned in said pathway. 

5. The apparatus of Claim 4 wherein the flow 
rate of said flow of air is greater than 0.5 liters per minute to 
35 increase turbulence. 
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6. The apparatus of Claim 3 further 
comprising a humidifier incorporated into said pathway. 

5 7. The apparatus of Claim 6 further 

comprising a humidity monitor and wherein said humidifier is 
operative in response to said humidity monitor. 

8. The apparatus of Claim 6 further 
10 comprising a bypass channel for selectively directing said air 

flow around the humidifier. 

9. The apparatus of Claim 8 further 
comprising a humidity monitor means for selectively directing 

15 said air flow through said bypass channel. 

10. The apparatus of Claim 3 further 
comprising a cathode plenum enclosing said cathode so as to 
define a closed volume communicating with said pathway. 

20 

11. The apparatus of Claim 10 further 
comprising means for increasing turbulence in said cathode 
plenum. i 

25 12. The apparatus of Claim 10 further 

comprising an oxygen generator connected to deliver oxygen 
to said closed path. 

13. The apparatus of Claim 10 further 
30 comprising means for admitting a controlled amount of new 

air into said closed volume. 

14. The apparatus of Claim 13 further 
comprising means for exhausting from said closed volume a 
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controlled amount of air corresponding to said new air 
admitted. 



15. The apparatus of Claim 2 further 

5 comprising: 

a current monitoring circuit connected to 
measure an output current drawn from said metal-air cell by a 
load during operation of said load; and 

a signal generating circuit responsive to 
10 said current drawn to provide a first signal indicative of an 
insufficient supply of oxygen to said cell and to provide a 
second signal indicative of a need for restriction of air supply 
to said cell to protect said cell from an excessive supply of air. 

15 16. The apparatus of Claim 15 further 

comprising an indicator to indicate an insufficient supply of 
oxygen to said cell in response to said first signal and to 
indicate a need for restriction of air supply to said cell in 
response to said second signal. 

20 

17, The apparatus of Claim 16 wherein said 
indicator comprises a visual display. 

18, The apparatus of Claim 16 wherein said 
25 indicator comprises an audible tone. 

19, The apparatus of Claim 16 wherein said 
indicator comprises a voice message. 

30 20. The apparatus of Claim 15 wherein said 

system comprises a coolant air channel adjacent to the surface 
of said anode to provide coolant air to said anode and a 
reactant air channel, separate from said coolant air channel, 
adjacent to said cathode to provide reactant air. 

35 
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21. The apparatus of Claim 20 further 
comprising means for exhausting a portion of said reactant air 
in response to said first and second signals. 

5 22. The apparatus of Claim 20 further 

comprising means for removing said reactant air from 
adjacent to said cathode and for recirculating the flow of said 
reactant air back to said cathode. 

10 23. The apparatus of Claim 15 further 

comprising an inlet valve associated with said air inlet and an 
air control circuit to control admission of air to said metal-air 
cell through said inlet valve in response to said first and 
second signals, 

15 

24. The apparatus of Claim 23 wherein said air 
inlet valve is adjusted to a predetermined optimum position 
based upon the mode of operation of said load to control said 
amount of oxygen responsive to a change in the mode of 

20 operation of said load. 

25. The apparatus of Claim 23 wherein said air 
control circuit increases the amount of air admitted in 
response to said first signal by stepping open said air inlet 

25 valve based upon the load demand. 

26. The apparatus of Claim 25 wherein said air 
control circuit decreases the amount of air in response to said 
second signal, after said air inlet valve is open wider than a 

30 predetermined setting for a predetermined time under a 
constant mode of operation of said load. 

27. The apparatus of Claim 23 wherein said air 
control circuit decreases the amount of air in response to said 

35 second signal by adjusting said air inlet valve to a 



r Wd 94/25591 



25 

predetermined position based upon the mode of operation of 
said load. 

28. The apparatus of Claim 2 further 

5 comprising: 

a current monitoring circuit connected to 
measure an output current drawn from said metal-^air cell by a 
load during operation of said load; and 

an oxygen control circuit responsive to said 
10 current drawn to open said means for admitting ambient air 
for a predetermined time to provide air to said metal-air cell 
when said current is insufficient to meet load demand. 

29. The apparatus of Claim 28 wherein said 
15 system comprises a coolant air channel adjacent to the surface 

of said anode to provide coolant air to said anode and a 
reactant air channel, separate from said coolant air channel, 
adjacent to said cathode to provide reactant air. 

20 30. The apparatus of Claim 29 further 

comprising means for exhausting a portion of said reactant air 
in response to said first and second signals. 

31. An air manager system for a metal-air cell 
25 having an air cathode and defining a reactant air plenum, 
comprising: 

an air passageway connected at one end 
thereof to said plenum at an air inlet and at another end 
thereof to said plenum at an air outlet; 
30 said connected plenum and passageway 

forming a recirculation system isolated from general air 
circulation around said cell; 

means for circulating air around said 
recirculation system; and 
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means for replacing air within said 
recirculation system in an amount sufficient only 
approximately to replace oxygen removed by operation of said 
cell. 

5 

32. An air manager system for a metal-air cell 
having an air cathode and anode, comprising: 

a reactant air pathway directed adjacent to 
said cathode and not directed as a cooling air channel for said 
10 anode; 

said pathway being operative for directing a 
flow of air adjacent to the air cathode to provide reactant air 
and for removing the reactant air from adjacent to the air 
cathode and for recirculating the flow of the reactant air back 
15 to cathode; and 

an air inlet for admitting ambient air into 
the flow of said recirculating reactant air. 
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